anti-inflammatory activities 3 . However, most of these reports are related to the non-volatile components, and there are few reports on the volatile components. In this paper, GC-MS analysis of the components of the essential oil from the roots of A. salviifolium is reported. The main components of the oil were epi-α-cadinol, followed by trans-2-hydroxycalamenene, cadalene, and cadina-4,10 15 -dien-3-one, with 5.5 of another unknown component. Therefore, the essential oil was purified by column chromatography to isolate this unknown component. Its structure was established using extensive spectroscopic data analyses, including NMR, HR-EI-MS, and IR. In addition, this compound was tested for its antioxidant activities and inhibition of tyrosinase. on a Japan Spectroscopic Co., Ltd. DIP-1000. The melting points m.p. were measured on a Yanaco MP-5000D melting point apparatus. The IR spectra were recorded with a JASCO FT/IR-470Plus Fourier transform infrared spectrometer JASCO Co., Ltd .
1 H-NMR spectra were obtained on JEOL ECA-500 500 MHz spectrometers in DMSO-d 6 or acetone-d 6 with TMS as the internal standard chemical shift in δ, ppm . J values are reported in Hz. 13 C-NMR spectra were obtained on JEOL ECA-500 125
MHz spectrometers. HR-EI-MS were obtained on a JEOL Tandem MS Station JMS-700 Japan . The absorbance was measured with an MTP-800 Lab microplate reader. GC-MS analysis was carried out with an Agilent Technologies 6890-Agilent Technologies 5973A apparatus. The GC system was equipped with two capillary columns HP-5MS: 30 m 0.25 mm i.d., film thickness 0.25 μm; and DB-WAX: 15 m 0.25 mm i.d., film thickness 0.25 μm . On the HP-5MS column, the column temperature was programmed from 40 to 260 at 4 /min and held at 260 for 5 min. The flow rate of the carrier gas helium was 1.8 mL/min, with the actual temperature in the MS source reaching approximately 230 , and the ionization voltage was 70 eV. The acquisition mass range was 39-450 amu. On the DB-WAX column, the column temperature was programmed from 40 to 240 at 4 /min and held at 240 for 10 min. The injector and detector temperatures were 270 and 280 respectively. The flow rate of the carrier gas helium was 1.4 mL/min, with the actual temperature in the MS source reaching approximately 230 , and the ionization voltage was 70 eV. The acquisition mass range was 39-450 amu. Identification of the individual components was based on the following: i comparison of the GC-MS retention indices RI of the components on apolar and polar columns, determined relative to the retention times of a series of n-alkanes C 8 -C 26 , with those of authentic compounds or literature data; ii computer matching with commercial mass spectral libraries NIST 02, Mass Finder 4, and Aroma Office Version 3 and comparison of the recorded spectra with literature data. The relative amounts of individual components were calculated based on GC peak integration FID response without using a correction factor.
Materials
Dried root chips of A. salviifolium Lot 280350 were obtained from Picaso Naturals Laboratory Co., Ltd.
Bangkok, Thailand . Mushroom tyrosinase EC 1.14.18.1 , fluorescein sodium salt, Trolox, and 2,2 -azobis 2-methylpropionamidine dihydrochloride AAPH were purchased from Sigma-Aldrich. L-Tyrosine, 4-dimethylaminopyridine DMAP , acetic anhydride, and dibutylhydroxytoluene BHT were purchased from Wako Pure Chemistry. β-Arbutin was purchased from Tokyo Kasei Kogyo. All solvents were purchased from Kanto Chemical.
Extraction of essential oil
Dried plants materials 4 kg: root parts were subjected to hydrodistillation for 3 h using a Likens-Nickerson-type apparatus. The obtained essential oils were dried over anhydrous sodium sulfate and diluted with diethyl ether for GC and GC-MS measurements. The yield of the oil was 0.017 . The oil was stored at 30 in a refrigerator prior to analysis.
2.4 Isolation and structure determination of the compound 1 To isolate the compound from the essential oil of A. salviifolium, fractionation was carried out as described in Scheme 1. This essential oil 500 mg was chromatographed on silica gel using dichloromethane and acetone as eluent to yield three fractions fraction 1 and 2 . Fraction 1 256 mg was further chromatographed on silica gel using a gradient of hexane and ethyl acetate to afford three fractions fraction 1 -1 to 1 -3 . Fraction 1 -2 76 mg was chromatographed on silica gel using hexane and ethyl acetate hexane:EtOAc 19:1 to afford compound 1 25 mg Fig. 1 .
Acetylation of compound 1
A sample of compound 1 25 mg in pyridine 1 ml was treated with acetic anhydride 75 μl and DMAP 3 mg at room temperature for 2 h. The reaction mixture was Scheme 1 Isolation scheme of compound 1 from essential oil A. salviifolium.
Fig. 1 Synthesis of di acetate from 1.
quenched with water and worked up in the usual way. The solvent was evaporated under vacuum , and the product was purified by silica gel chromatography hexane:EtOAc XX:XX to give triacetate 1a 35 mg .
Oxygen radical absorbance capacity ORAC assay
The ORAC method using fluorescein FL as the fluorescent probe is described in the literature 16 . The automated ORAC assay was carried out on an MTP-800AFC with fluorescence filters for an excitation wavelength of 480 nm and an emission wavelength of 540 nm. The measurements were made in a plate with 96 black flat-bottom wells. The reaction was performed at 37 as the reaction was initiated by thermal decomposition of AAPH in 75 μM phosphate buffer pH 7.4 due to the sensitivity of FL to pH. The FL stock solution was prepared in 75 mM phosphate buffer pH 7.4 and stored in the dark at 4 . Fresh solutions of AAPH and Trolox in 75 mM phosphate buffer pH 7.4 were prepared daily. The samples were dissolved in 50 acetone. The mixture was incubated for 1 h at room temperature under continuous stirring. The reaction was performed in 75 mM phosphate buffer pH 7.4 , and the final assay mixture 200 μL contained FL 160 μL, 63 nM final concentration as an oxidizable substrate, AAPH 20 μL, 12.8 mM final concentration as an oxygen radical generator, and Trolox 20 μL, 5-20 μM final concentration or samples 20 μL, 5-20 μM final concentration . The reaction was performed at 37 , and fluorescence was recorded every minute for 120 min. A blank control using phosphate buffer instead of the antioxidant was carried out for each experiment. All reaction mixtures were prepared in duplicate, and at least three independent runs were performed for each sample. BHT was used as a reference standard for the antioxidant. Fluorescent measurements were normalized to the curve of the blank. The ORAC values were expressed as Trolox equivalents mean SD by applying the following formula:
ORAC value C Trolox AUC Sample AUC Blank C Sample AUC Trolox AUC Blank where C Trolox is the concentration μM of Trolox; C Sample is the concentration of the sample; and AUC is the area below the fluorescence decay curve of the sample, blank, and Trolox, calculated by applying the following formula:
where f 0 is the initial fluorescence and f n is the fluorescence at time n.
Tyrosinase enzyme assay
The tyrosinase assay was performed as per the method proposed by Baek et al. with slight modifications, using Ltyrosine as the substrate 17 138 μL of 0.1 M phosphate buffer pH 7.0 , 36 μL of 1.5 mM L-tyrosine, and 10 μL of sample solution in DMSO were added to each well of a 96-well plate and then incubated at 37 for 10 min. Then, 16 μL of mushroom tyrosinase 500 unit/mL, 0.1 M phosphate buffer at pH 7.0 was added, and the assay mixture was incubated at 37 for 20 min. Before and after incubation, the amount of dopachrome produced in the reaction mixture was measured at 492 nm in a microplate reader. β-Arbutin was used as a positive control. The extent of tyrosinase inhibition by each compound was calculated and expressed as the IC 50 . The percentage of tyrosinase activity was calculated as follows:
where A is the absorbance at 492 nm with the test sample; B is the absorbance at 492 nm without the test sample and substrate; C is the absorbance at 492 nm with the test sample; D is the absorbance at 492 nm with the test sample and without the substrate. All data are given as the mean of three experiments.
Results and discussion

Essential oil investigation
The essential oil of the root from A. salviifolium was orange with a woody, herbal, camphor, and sweet odor. The yield was 0.017 w/w . The chemical composition of the essential oil is summarized in Table 1 . Ninety compounds, representing 74.5 of the total oil, were identified by GC-MS. The main components were epi-α-cadinol 12.2 , trans-2-hydroxycalamenene 9.8 , cadalene 9.7 , and cadina-4, 10 15 -dien-3-one 6.6 . Terpenoids comprised the greatest portion of the essential oil from A. salviifolium approximately 90
. Intriguingly, sesquiterpenoids such as hydrocarbons and oxygenated sesquiterpenes were contained in the essential oil in high quantities approximately 80
. Additionally, the compounds that could not be identified by MS fragmentation comprised 25.5 . This suggested that many new compounds are contained in the essential oil of A. salviifolium. to give the diacetate 1 Fig. 1 . In compound 1a, the band for the hydroxyl function disappeared in the IR spectrum, indicating that there are two hydroxyl groups in 1. Furthermore, the presence of a carbonyl group was confirmed in the IR spectrum 1652 cm 1 and the presence of an aldehyde group was suggested by 1 H NMR δ H 9.80 , indicating that there is an aldehyde group in the molecule. The 13 C NMR spectrum gave a total of 15 resonances, and the DEPT spectrum showed the presence of three methyl groups, two methylene groups, five methine groups, and four quaternary carbons, as well as two hydroxyl-and one aldehyde-substituted aromatic carbons at δ C 145.0, 141.7, and 196.5. Moreover, the H-H COSY spectrum indicated the partial structure, showing a CH CH 3 CH 2 2 CH 2 CH 3 2 unit. At this point, compound 1 was deduced to contain an isopropyl group and was suggested to be a bicyclic sesquiterpene. The total attribution for the observed signals was accomplished based on HMQC correlations.
Isolation and structure determination of the component that could not be identi ed by GC-MS
From the HMBC experiment, significant correlations were observed from H-4 δ H 2.49 to C-2 δ C 26.4 , C-3 δ C 19.4 , C-5 δ C 124.7 , C-9 δ C 138.5 , and C-10 δ C 132.4 ; and from H-1 δ H 3.29 to C-2, C-3, C-8 δ C 141.7 , C-9, and C-10, which established that the saturated ring was connected to the benzene ring. The correlations of H-5 δ H 6.37 with C-7 δ C 145.0 , C-9, and C-15 δ C 196.5 ; and H-15 δ H 9.80 with C-6 δ C 118.0 and C-7 indicated that the aldehyde group was connected to C-6, allowing us to fully determine the calamenene skeleton 18 21 Fig. 2 . Thus, -7, 8-dihydroxycalamenal was determined as a new compound. However, the absolute configuration of C1 and Table 2 1 H and 13 C NMR spectral data of compound 1. 
